This paper describes a microprocessor controlled data acquisition instrument designed at Lawrence Livermore National Laboratory to provide experimenters with a diagnostic tool for measuring the performance of laser imploded fusion targets via neutron activation techniques.
This instrument features the ability to count four independent inputs simultaneously while providing a front panel readout of these inputs, plus a time of day clock. A hardcopy printout of the data is also provided by a built-in thermal printer. All running modes and parameters are user selectable via a front panel keypad, and a complete set of internal self-testing diagnostics are available for debug.
Summary
In the laser fusion research program at Lawrence Livermore National laboratory we routinely expose deuterium-tritium filled micro-spheres to a short (less than 1 ns) high power laser pulse. To measure the target shells' aretl density we have developed a new density diagnostic 1 2) based on neutron activation of selected materials in these targets. We use the aluminum-28 formed in the target by the bombardment of silicon-28 with 14.1 MeV neutrons from the D-T reaction. Our system collects a known fraction of the aluminum-28 formed and rapidly (-15 secs) transports it (via a rabbit) (see figure  1 ) to a shielded detector assembly (figure 2) where its radioactive decay is measured in a beta-gamma coincidence counting system (see figure 3 ). The counts from this detector assembly are amplified and conditioned by standard Ortec nims modules and then connected to a micro-processor controlled data acquisition instrument3. This unit is based on an Intel 8-bit microprocessor. The circuit design for this instrument relies extensively on the family of Intel support devices that provide input-output, counter-timers and memory functions (figure 4). This instrument (figure 5) is capable of handling four independent detector inputs simultaneously including an anti-coincidence input for background reduction. Also provided is a built in real-time clock to facilitate the recording of shot time and to record the time of arrival of the sample to the detector assembly. This time is critical since the aluminum-28 we are measuring is short lived (2-min half-life). COUNTING SYSTEM Figure 3 A local readout is available on the front panel to allow the operator to monitor the counts in real-time. A hardcopy printout (via a built-in thermal printer) of the data can also optionally be obtained (figure 6). Some limited computational ability is provided to compute and record averages of the input counts.
The operator may optionally select a Run Number, the Sample Rate and the Sample Interval for an experiment and arm the unit from the front panel key pad. Once the unit is armed it waits for a zero-time signal at shot time via a fiber optic trigger. A built in real time clock records shot time.
The operator then manually loads the collection sample into the detector assembly and initiates counting from the key pad. When the system is activated it records the sample loading time (time interval between the shot and the commencement of counting) turns on the high voltage to the detector assembly, and starts counting. The accumulated number of counts for each input is both displayed on the front panel and recorded on a built-in thermal printer. 
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Some special features were incorporated into this unit at design time to facilitate initial debug and for future diagnosis of possible circuit problems.
Diagnostics reside in memory to check out the printer, keyboard, display, ram memory, internal counters and the remote EIA interface. Also under normal operation when the unit is not recording a count run, the internal firmware is continually checking itself by computing a check character on the internally stored firmware and comparing this check character to a previously computed check character which was stored when the unit was initially built.
If the two check characters do not match an error code is reported to the operator via the front panel.
Optionally this instrument can be connected to a remote computer for both control and data retrieval.
This unit is now an integral part of a much larger data acquisition and analysis system under development here. This system is based on the new computer available from Digital Equipment Corp., the LSI-11/23. This computer is running the real time multi-tasking operating system RSX-11M, also provided by Ditital. The system architecture shown in figure   7 will provide the capability to control all experimental processes and record data for future analysis while providing for multi-user access to the system facility for general use. 
Conclusion
